while, the study of boat lubricant degradation is limited, and many researchers focus only on biodegradation of crude oil, which is the major concern after an oil spill. The marine microorganisms capable of degrading boat lubricants are therefore necessary for treatment of bilge water and contaminated seawater.
Several marine microorganisms, such as Alcanivorax, Candida, Cycloclasticus, Gordonia, Marinobacter, Pseudomonas, Rhodococcus, Sphingomonas, and Yarrowia (Brooijmans et al., 2009) , are able to grow on petroleum hydrocarbons. These microorganisms can be applied to contaminated seawater for petroleum removal. However, their ability would depend on the types of hydrocarbons. For example, Halomonas sp. C2S2100, a halophilic isolate from a Tunisian off-shore oil fi eld, prefers to utilize crude oil more than lubricant and diesel fuel (Mnif et al., 2009) . The effectiveness of a bioaugmentation approach is also varied according to location. Autochthonous bioaugmentation (ABA), which is the inoculation of oil-degrading microorganisms that were previously isolated from the contaminated site, is recommended because the added microorganisms will be highly enriched and adapted to the contaminated environment (Hosokawa et al., 2009 ). Consequently, this study aims to isolate lubricant-degrading microorganisms from Thai coastal areas as well as to apply a selected strain for removal of boat lubricant from seawater.
There are many cellular properties that can promote hydrocarbon removal. For example the possession of high cell surface hydrophobicity can increase the interaction between microorganisms and hydrophobic oil (Obuekwe et al., 2009) . The ability of microorganisms to produce biosurfactant and exopolysaccharide (EPS) is also benefi cial for microbial interaction and oil emulsifi cation (Chang et al., 2009; Satpute et al., 2010) . This study therefore characterized the isolated microorganisms as follows: lubricant-removal activity, tetradecane and phenanthrene utilization ability, cell surface hydrophobicity, EPS production activity and emulsifi cation activity. An effi cient strain was later selected and tested for its ability to remove six lubricant samples collected from local fi shery ports. To produce microbial inoculum for bioaugmentation treatment, the selected strain was immobilized on polyurethane foam (PUF). PUF-immobilized cells have been showed to have high effi ciency of oil absorption and degradation in marine environment (Oh et al., 2000; Quek et al., 2006) . The application of an indigenous microbial strain to local seawater would effectively reduce the lubricant contamination.
Materials and Methods
Chemicals and culture media. Sources of oil samples used in this study are listed in Table 1 . All lubri- cants were mineral based lubricants manufactured for 4-stroke diesel engines of fi shing boats. The hydrocarbon fractions or major ingredient types of each lubricant were analyzed by thin layer chromatography and fl ame ionization detection (TLC-FID) and found to be varied due to different manufacturers and usages (Table 1) . The study used crude oil, the major raw material of lubricants, for the enrichment of effi cient petroleum-degrading microorganisms. Then, both fresh and waste lubricants were applied for the screening of lubricant-degrading microorganisms. The oil samples were sterilized by autoclaving at 121 C for 15 min before use. Natural sea water (NSW) medium was used for microbial isolation and the oil degradation test, and it consisted of 1.0 g NH 4 NO 3 , 0.02 g ferric citrate, 0.02 g K 2 HPO 4 , 0.5 g yeast extract, 800 ml aged sea water, and 200 ml distilled water per liter (Higashihara et al., 1978) . The medium had 3.4% salinity and a pH of 7.8. The presence of 0.05% (w/v) yeast extract in NSW can promote growth of hydrocarbon-degrading bacteria (Higashihara et al., 1978) . Luria-Bertani (LB) broth and agar at 0.25% strength were used for inoculum preparation and plate count, respectively.
Enrichment, isolation and cultivation of oil-degrading microorganisms. Surface seawater and beach sand samples were collected from areas contaminated by oil along the eastern shoreline of Thailand. To enrich for oil-degrading microorganisms, 10 g of sand or 10 ml of seawater were added to 100 ml NSW containing 5,000 mg L 1 crude oil. The fl asks were incubated at room temperature with shaking at 200 rpm for 7 days. After three transfers into the same medium, the culture solution was spread on NSW agar and overlaid with 100 µl crude oil. Single colonies were transferred to 10 ml NSW broth containing 5,000 mg L 1 crude oil. Microbial strains that caused turbidity and visual change in the broth compared to an uninoculated control were selected for further studies. The selected strains were maintained on crude oil-NSW agar medium. To prepare microbial inoculums, single colonies were transferred to 10 ml diluted LB and incubated at room temperature with agitation (200 rpm) for 24 h. The culture was added to 100 ml diluted LB and incubated for another 2 days. Microbial cells were harvested by centrifugation and washed with 0.85% NaCl before being used as cell suspensions in subsequent experiments.
Oil removal test. The oil removal test was carried out in 50 ml NSW medium containing a microbial suspension and a specifi c amount of oil. The initial concentrations of microbial cells were 0.1 and 1.0 OD 600 for the tests with 200 mg L 1 and 1,000 mg L 1 , respectively. All treatments were done in triplicate and were incubated at room temperature with shaking at 200 rpm for 5 days. Triplicate fl asks were withdrawn every 24 h to measure cell growth and residual oil content. It is possible that the isolated microorganisms simultaneously sorbed and degraded the tested oil. Therefore, this study determined the oil removal effi ciency of each strain by comparing the amount of remaining oil with an uninoculated sample. A control uninoculated set was created to determine oil loss by abiotic processes. The concentration of residual oil was extracted from the whole fl ask and analyzed by TLC-FID.
The ability of these microbial isolates to grow on pure hydrocarbon compounds was studied by using tetradecane (Fluka, purity 99% GC) and phenanthrene (Fluka, 97% HPLC), which represent saturated and aromatic compounds, respectively. Each isolate was prepared as a resting cell suspension in 0.85% NaCl before culturing in NSW containing either 0.1% (v/v) tetradecane or 100 mg L 1 phenanthrene. A control set was created that consisted of NSW alone. Microbial growth was measured by the plate count technique with diluted LB agar plates.
Characterization of oil-degrading microorganisms. In addition to oil-degrading activity, the isolated microbes were characterized based on their cellular hydrophobicity, EPS synthesis, emulsifi cation activity and surface tension reduction. Cellular hydrophobicity of microbial cells for diesel was analyzed following Lin et al. (2005) . Briefl y, 0.2 ml diesel was added to microbial cell suspensions (9.0 OD 400 ) and incubated at 30 C for 10 min. The mixtures were vortexed for 2 min and allowed to stand for 15 min, to ensure a separation of cells between the two phases (i.e. hydrocarbon and aqueous phase). The cell surface hydrophobicity was expressed as the percentage of cells that adhered to diesel as follows: 100
[1 (OD 400 of aqueous phase/OD 400 of initial cell suspension)].
The ability of each strain to produce EPS was tested by the Alcian Blue adsorption method according to Obuekwe and Al-Muttawa (2001) . The microbial isolate was grown in the presence of sea sand (Merck) to stimulate exopolysaccharide production. After 4 days, Alcian Blue dye solution was added to the culture, incubated for 5 min, and centrifuged at 10,000 rpm for 15 min. The amount of EPS was calculated as the de-cline (%) in the absorbance (606 nm) after centrifugation relative to the control (medium without microbial cells).
Emulsifying activity (E 24 ) was determined from both cell residues and culture supernatant following Lin et al. (2005) . Briefl y, the samples were harvested after cultivating the tested strain in 500 ml NSW medium containing 200 mg L 1 waste lubricant No. 2 for 7 days. The cell pellet was suspended in deionized water and sonicated for 5 min. The cell residue was rinsed twice and resuspended in deionized water before measuring E 24 . The sample (i.e. cell residue suspension or culture supernatant) was mixed with diesel at a 2 3 ratio and allowed to stand for 24 h. E 24 was calculated as follows: E 24 = (height of emulsion layer/total height) 100. The surface tension of the culture supernatant was analyzed by a tensiometer (DAtaphysics, Germany).
Each microbial isolate was identifi ed using ribosomal gene sequences. Genomic DNA extraction was performed as described by Ausubel et al. (1990) . For bacteria, the 16S rDNA gene was amplifi ed by 27F and 1492R primers (Martin-Laurent et al., 2001 ). In contrast, the internal transcribed spacer (ITS) regions of 18S rDNA gene were amplifi ed from yeast genomic DNA using primers ITS1 and ITS4 (Mirhendi et al., 2005) . The amplifi ed products were then purifi ed, cloned, and sequenced. A homology search of the sequences in the GenBank database was conducted using the BLAST program. The microbial genera identifi ed in this search were confi rmed by biochemical tests, which were analyzed by the Department of Medical Science, the Ministry of Public Health.
Application of lubricant-degrading microorganism. To produce microbial inoculum for bioremediation of lubricant contaminated seawater, the most effi cient lubricant-degrading isolate was selected and immobilized on the surface of a 0.5 cm 1 cm 2 cm PUF strip (Thai Products Foam) by the attachment approach. PUF in strip form has high surface area/weight ratio, thus it can sorb a high amount of oil (Oh et al., 2000) . The oil sorption capacity of PUF used in this study was 8 g oil g 1 PUF according to the Standard Test Method for Sorbent Performance of Adsorbents (ASTM F726-06). The immobilization process was carried out in a 250 ml fl ask containing 0.1 OD 600 inoculum, 0.25 g sterilized PUF, 50 ml NSW and 100 mg L 1 lubricant. The fl ask was incubated at room temperature with shaking at 130 rpm for 72 h. The PUF with attached bacteria was subsequently fi ltered through sterilized fi lter paper and air-dried.
The lubricant removal effi ciency of PUF-immobilized cells was examined under batch conditions in a 250 ml fl ask that contained 50 ml of either NSW or seawater with various concentrations of lubricant (100 1,000 mg L 1 waste lubricant No. 2). The seawater sample was collected from a fi shery port in Chanthaburi province and its properties were determined as follows: temperature (25 C), salinity (3.5 ), total nitrogen (1.1 mg L 1 ), total phosphorus (0.03 mg L 1 ), and total petroleum hydrocarbons (TPH) (57 mg L 1 ). The bioaugmentation treatment was carried out by adding 0.25 g of the immobilized bacteria to each fl ask, while the natural attenuation treatment was seawater alone. To distinguish between lubricant adsorption and degradation, an additional experiment was performed in parallel with unimmobilized PUF. All fl asks were shaken at 130 rpm at room temperature. The amounts of remaining lubricant were determined after extracting the lubricant out of PUF and seawater. The numbers of microorganisms in each treatment were determined by combining the cell numbers on PUF and in seawater together. The amounts of immobilized bacteria were quantifi ed after extracting bacterial cells from PUF. The lubricant-degrading microorganisms and total microorganisms were counted by the most-probable-number (MPN) technique in microtiter plates with lubricant-NSW and Marine broth (Difco), respectively. The growth of lubricant-degrading microorganisms was confi rmed by adding iodonitrotetrazolium chloride (INT dye, Amresco) to each well and monitoring the formation of formazan after a 5-h incubation.
Analysis of lubricants and crude oil. The hydrocarbon fractions (i.e. saturates, aromatics, asphaltene and resin) in each oil sample were analyzed by TLC-FID according to Maruyama et al. (2003) . Briefl y, the oil sample diluted in chloroform was spotted onto a silica gel-packed capillary quartz rod (Iatron Laboratories, Japan) and fractionated by a consecutive development method employing different solvent systems. The rod was scanned by the Iatroscan TM MK-6/6S (Mitsu bishi Kogaku Iatron, Inc., Japan) and the amount of each hydrocarbon fraction was calculated from the peak area in comparison with that of the internal standard. In this study, the fractions of asphaltene and resin were combined as polars fraction and the amount of TPH was a sum of all hydrocarbon fractions.
The amount of remaining oil in the test system was determined by extracting seawater, microbial cells and/or PUF altogether with an equal amount of chloroform. The organic phase was separated, evaporated, and supplemented with chloroform containing stearyl alcohol as an internal standard similar to Maruyama et al. (2003) . The amounts of each hydrocarbon fraction and TPH were determined from the chloroform solution by TLC-FID. The alkane components of the extracted oil were subsequently analyzed by gas chromatography (GC). GC analysis was performed with a Hewlett-Packard 6890 (Agilent Technologies) equipped with an HP-5 fused-silica capillary column and a fl ame ionization detector. The gas chromatography conditions were as follows: injector temperature of 250 C, detector temperature of 320 C, and column temperature of 40 320 C at a rate of 10 C/min.
Results

Isolation and identifi cation of marine oil degrading microorganisms
Oil-contaminated seawater and sand samples were collected from fi shery ports, harbors and beaches located along the eastern shoreline of Thailand. After enrichment of these samples with crude oil for 21 days, 19 microbial strains that grew well on crude oil-NSW agar plates were isolated. However, only 10 strains were able to cause turbidity and visual change in NSW broth containing 5,000 mg L 1 crude oil compared to the uninoculated control. Four strains were obtained from seawater, and the other 6 strains were isolated from sea sand ( Table 2 ). These microorganisms were deposited at the Microbiological Resources Center, Thailand Institute of Scientifi c and Technological Research (TISTR). There were four strains of Gram-posi- 
Effi ciency of the isolated microbes on removal of waste lubricant and utilization of pure hydrocarbons
To test for lubricant-removal activities, the isolated strains were incubated with 1,000 mg L 1 waste lubricant No. 2. The percentage of oil removal from each isolate ranged between 7.5 and 55.5% (Table 2 ). For bacteria, Gordonia sp. JC11 and Microbacterium sp. JC9 had the highest oil removal effi ciency of 55.5 8.3% and 41.3 5.3%, respectively. The high oil removal effi ciency of Gordonia sp. JC11 and Microbacterium sp. JC9 correlated well with their ability to utilize both tetradecane and phenanthrene. Both bacteria had signifi cantly higher cell numbers in NSW medium containing these hydrocarbons than NSW medium alone (Table 2 ). For yeast, Candida sp. JC4 had higher oil removal effi ciency than Candida sp. JC1, but the activity was still lower than Gordonia sp. JC11 and Microbacterium sp. JC9 (Table 2) , which is probably because Candida sp. JC4 was able to utilize tetradecane but not phenanthrene.
Characterization of the isolated microbes
Cell surface hydrophobicity, EPS producing activity, emulsifi cation activity, and surface tension reduction of the marine crude oil-degraders are shown in Table 3 . Gordonia sp. JC11 and Candida sp. JC4 had high cell hydrophobicity ( 80%), whereas most of the microorganisms possessed low cell hydrophobicity (1 30%). All of the tested strains were able to synthesize EPS, of which Candida sp. JC4 and Microbacterium sp. JC9 had the highest EPS producing activity ( 90%). As for the emulsifi cation index, all of the tested strains showed positive results with cell residues. However, only Gordonia sp. JC11, Microbacterium sp. JC9, Candida sp. JC4 and Pseudomonas sp. JC6 gave positive results with supernatant samples. The supernatant from these four isolates also reduced water surface tension. The results suggested that these microorganisms could produce extracellular bioemulsifi ers/biosurfactants. In particular, Candida sp. JC4 was the best biosurfactant producer because it could reduce the surface tension to 40 mN m 1 .
Effi ciency of Candida sp. JC4, Microbacterium sp. JC9 and Gordonia sp. JC11 on removal of fresh and waste lubricants
Candida sp. JC4, Microbacterium sp. JC9 and Gordonia sp. JC11 were selected because these microorganisms effi ciently removed the tested lubricant and possessed several characteristics that could promote oil degradation. The ability of these strains on growing and degrading 200 mg L 1 fresh lubricant No. 1 and waste lubricant No. 2 in NSW medium was compared to see the effects of different lubricant samples. In this study, the fresh lubricants contained almost the same amounts of saturates and aromatics and ranged from 40 50% of the total weight; however, the proportion of saturates was usually higher than aromatics in waste lubricants (Table 1 ). The concentrations of both oil samples in the uninoculated controls remained almost constant throughout the study, while the addition of microbial inoculums enhanced the removal of both oil samples ( Fig. 1 and Fig. 2) . The decreasing of lubricants over time also confi rmed that the removal of lubricants was effected through the degrading activity of added microorganisms. All strains degraded fresh lubricant No. 1 to a slightly greater extent than waste lubricant No. 2. Of the three isolates, Gordonia sp. JC11 degraded the highest amount of both lubricants. The concentration of fresh lubricant rapidly decreased from 200 to 101 mg L 1 during the fi rst 2 days and achieved 57% removal effi ciency on day 5 (Fig. 1a) . The cell number of Gordonia sp. JC11 increased from 7.0 to 8.5 log CFU ml 1 during the same period Vol. 58 CHANTHAMALEE and LUEPROMCHAI (Fig. 1b) . For the waste lubricant, Gordonia sp. JC11 had lower activity with 40% removal effi ciency on day 5 (Fig. 2a) , but its growth was similar to that in the experiment with fresh lubricant (Fig. 2b) . Candida sp. JC4 and Microbacterium sp. JC9 had similar oil-degrading activity in the experiment with fresh lubricant; however, Candida sp. JC4 degraded waste lubricant to a much lower extent. This result corresponded to the slower growth rate of Candida sp. JC4 in waste lubricant than in fresh lubricant (Fig. 2b) .
Effi ciency of Gordonia sp. JC11 on removal of various lubricant samples
Gordonia sp. JC11, the most effective strain, was later tested with six lubricant samples at a high concentration (1,000 mg L 1 ). Only 0 15% of the TPH was abiotically removed from the lubricant samples after a 5-day incubation (Table 4 ). In contrast, Gordonia sp. JC11 removed around 25 55% of the TPH in the tested lubricants (Table 4 ). The percentage of oil component removal varied from 30 60% for saturates and 30 55% for aromatics. The polar fractions in all lubricants were decreased except for waste lubricant No. 1. The in- %TPH removal was calculated as percent decrease in TPH concentration relative to the initial concentration in the experiment. The amount of remaining TPH was measured after extracting the lubricant out of PUF and seawater. Data are presented as the mean SD for triplicate samples. creased polar fractions after incubation were probably due to the conversion of other oil fractions to polar intermediates. In fact, Gordonia sp. JC11 degraded saturate and aromatic components in waste lubricant No. 1 to the greatest extent and consequently led to the highest amount of polar fractions in this system. The preliminary analysis of alkane components in waste lubricant No. 2 and 4 by GC-FID suggested that approximately 40 50% of the long-chain alkanes were degraded by Gordonia sp. JC11 compared to the abiotic control (Fig. 3) . These percentages approached the percent of saturate removal which was analyzed by TLC-FID (Table 4 ). The GC chromatograms also showed different alkane components in the lubricants after incubation with Gordonia sp. JC11; which indicated that various degrading intermediates were produced. Nonetheless, a high concentration of fresh lubricant No. 1 inhibited its degradation, of which 57% and 25% of 200 and 1,000 mg L 1 lubricants were removed, respectively (Fig. 4 and Table 4 ). In contrast, the bacterium had similar effi ciency when different concentrations of waste lubricant No. 2 were compared. The bacterium degraded 40% and 46% of 200 and 1,000 mg L 1 waste lubricant No. 2, respectively ( Fig. 4 and Table 4 ). Thus, the degrading activity of Gordonia sp. JC11 depended on the type of lubricant. In addition to lubricants, the bacterium degraded saturates and aromatics in crude oil, but at a lower efficiency (Table 4) . in NSW medium for 5 days. The uninoculated sample was used as an abiotic control.
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Application of Gordonia sp. JC11 for removal of lubricants from seawater
Gordonia sp. JC11 inoculum was prepared by immobilizing the bacterium on PUF surface. The amounts of attached cells were 2.0 10 8 CFU g 1 PUF after immobilization. The lubricant-degrading activity of the immobilized bacteria was initially determined in NSW. To highlight the activity of lubricant-degrading bacteria, the TPH removal effi ciency was calculated after extracting the sorbed lubricant out of PUF and NSW. PUF-immobilized Gordonia sp. JC11 was able to remove 42 56% of 100 1,000 mg L 1 waste lubricant No. 2 after 5 days, while PUF without bacterial cells removed only 2.7 9.8% of the lubricant (Table 5 ). The bacterium grew well during lubricant degradation and the amounts of Gordonia sp. JC11 were 3.8 5.1 10 9 CFU g 1 PUF at the end of the study (Table 5 ). The lubricant-removal activity of PUF-immobilized Gordonia sp. JC11 was higher than that of free cells at the same lubricant concentrations (Fig. 2, Table 4 ). Therefore, the immobilization process enhanced the lubricant removal effi ciency of the bacterium.
When PUF-immobilized Gordonia sp. JC11 was applied to fi shery port seawater microcosm amended with 100 mg L 1 waste lubricant No. 2, the amounts of TPH decreased rapidly (Fig. 3a) . The lubricant removal effi ciency of this bioaugmentation treatment was relatively constant at the range of 32 36% after 12 h. In contrast, the natural attenuation of seawater resulted in only 10% TPH removal at the end of the study. The low lubricant removal effi ciency corresponded to the low number of indigenous oil-degrading microorganisms (6.2 log MPN treatment 1 ) in the seawater (Fig. 3b) . On the other hand, the addition of PUF-immobilized Gordonia sp. JC11 signifi cantly increased the numbers of oil-degrading microorganisms in seawater to 7.7 log MPN treatment 1 at 0 h and the highest number of oil-degrading microorganisms was found at 9.4 log MPN treatment 1 after 12 h. The number of total microorganisms and oil-degrading microorganisms were almost the same throughout the study. The results indicated that the added Gordonia sp. JC11 was the major population in bioaugmentation treatment. The lubricant removal effi ciency of PUF-immobilized Gordonia sp. JC11 in seawater was lower than in NSW (Table 5 ). This was probably because the lower amounts of nutrients in seawater.
Discussion
Ten marine microorganisms were isolated after crude oil enrichment and identifi ed by their genera, with the number of strains isolated in parentheses: Gordonia (2), Candida (2), Brucella (2), Microbacterium (1), Enterococcus (1), Pseudomonas (1) and Acinetobacter (1). Many microbial isolates in these genera were recognized as oil-degrading microorganisms by earlier researchers, such as Muthukumar et al. (2003) , Chaerun et al. (2004) , Al-Awadhi et al. (2007) and Quatrini et al. (2008) . The presence of various crude oildegrading microorganisms corresponded to the contamination of petroleum hydrocarbons in Thai coastal areas (Wattayakorn, 2005) . Although all of the tested microorganisms were able to grow in crude oil-NSW (Aluyor and Ori-jesu, 2009; Koma et al., 2001) . To screen for the effi cient lubricant-degrading strains, the isolated microorganisms were characterized for their cellular properties. Gordonia sp. JC11 and Microbacterium sp. JC9, the most effective degraders for 1,000 mg L 1 waste lubricant No. 1, grew well on both tetradecane and phenanthrene which were used as models for saturated and aromatic components in lubricants, respectively. In addition, cell residues and culture supernatants of these strains were able to emulsify diesel and reduce surface tension. These characteristics mediate the solubilization of petroleum hydrocarbons and thereby enhance their degradation (Satpute et al., 2010) . Gordonia sp. JC11, the more hydrophobic strain, had a higher degrading effi ciency than Microbacterium sp. JC9, when tested with a low concentration (200 mg L 1 ) of either fresh lubricant No. 1 or waste lubricant No. 2. The hydrophobic nature of bacterial cells plays an important role during the cell contact with hydrophobic substrates and later the oxidation by cell-surface-associated oxygenases (Wentzel et al., 2007) . Consequently, the high lubricant-degrading activity of Gordonia sp. JC11 was due to its hydrocarbon utilization ability, emulsifi cation activity and cell surface hydrophobicity. Gordonia sp. JC11 was able to degrade 25 55% of the TPH in all of the six lubricants within 5 days. The preference of Gordonia sp. JC11 to degrade either fresh or waste lubricants was not obvious in this study. When compared within each lubricant, the bacterium had similar degrading effi ciencies for saturated and aromatic components. These results corresponded with its ability to grow well on both tetradecane and phenanthrene. The oil-degrading effi ciencies of Gordonia sp. JC11 were comparable to those in other studies. For example, mangrove microorganisms degrade 22% of 1,000 mg L 1 4-stroke mineral-derived lubricants after 7 days (Mercurio et al., 2004) and Acinetobacter sp. Ud-4 isolated from seawater degraded 32% of 1% lubricant during the same period (Tanaka et al., 2010) . Bacteria in the genus Gordonia have been isolated from various petroleum hydrocarbon-contaminated sites, including oily seawater (Arenskötter et al., 2004; Brito et al., 2006; Quatrini et al., 2008; Shen et al., 2008) . Earlier reports demonstrated that Gordonia persist in severe conditions and possess special cellular physiology, including high cell surface hydrophobicity, emulsifi cation activity and EPS synthesis, to enhance hydrophobic substrate uptake (Arenskötter et al., 2004; Franzetti et al., 2009; Fusconi et al., 2006 Fusconi et al., , 2010 . Thus, it is possible to use Gordonia sp. JC11 as a bioremediation agent.
To produce a ready-to-use inoculum, Gordonia sp. JC11 was immobilized on PUF, which acted as both an oil sorbent and a bacterial carrier. Gordonia sp. JC11 attached well on PUF because of its cell-surface hydrophobicity and EPS-producing ability, which are important for the initiation of a non-reversible adhesion and for the more permanent adherence on solid surfaces, respectively (Obuekwe et al., 2001 ). The increased lubricant-degrading effi ciency of PUF-immobilized Gordonia sp. JC11 was probably due to the increased interaction between the lubricant and the attached cells on the PUF surface (Quek et al., 2006) . In the fi shery port seawater microcosm, the addition of PUF-immobilized Gordonia sp. JC11 signifi cantly increased the number of lubricant-degrading microorganisms and resulted in rapid lubricant removal. The application of Gordonia sp. JC11 in this study was an example of autochothonous bioaugmentation, because the bacterium was previously isolated from this seawater. The results confi rmed that the use of microorganisms indigenous to the contaminated site is benefi cial. Nonetheless, PUF-immobilized Gordonia sp. JC11 had lower lubricant-degrading activity in seawater than in NSW, which contained several nutrients. Hosokawa et al. (2009) suggested that nutrients as well as other abiotic conditions such as oxygen and temperature should be optimized during autochothonous bioaugmentation.
In conclusion, the study was able to isolate Gordonia sp. JC11, an effi cient lubricant-degrading bacterium from a seawater sample collected from the eastern coast of Thailand. The bacterium possessed various cellular properties that promoted lubricant degradation. Although lubricant-degrading enzymes in Gordonia sp. JC11 were not characterized, the bacterium was expected to contain enzymes responsible for the degradation of various petroleum hydrocarbons. PUFimmobilized Gordonia sp. JC11 could be applied as an inoculum for bioremediation of lubricant-contaminated seawater in Thai coastal areas as well as for nearby countries with a similar environment. The isola-tion of novel microorganisms from other coastal zones was also suggested since local strains are necessary for autochthonous bioaugmentation.
